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Abstract
Mob-grazing strives to maximize forage utilization and minimize selective grazing 
by using high stocking densities in small paddocks for short durations (12–24 hr). 
Rotational-grazing uses low stocking densities for a longer time period, retaining about 
half of the original available forage; although selective grazing can occur. Three cattle 
(Bos taurus × Bos indicus) grazing intensities: mob- (stocking densities from 32,000 to 
67,000 kg ha−1; duration—24 hr); rotation (stocking density—2500 kg ha−1; duration—35 
d); and non-grazed systems were compared based on forage utilization and changes to 
western snowberry (Symphoricarpos occidentalis) (WS) patch volume in a 2-year South 
Dakota study. Pre- and post-grazing forage height was measured every 2.5 m along 
multiple 50-m transects with WS patch volume measured every 5 m. Forage utilization 
(consumed and trampled) ranged from 42 to 90% in mob-grazed areas, and harvest effi-
ciency (forage consumed) ranged from 15 to 64%. WS patch volumes decreased by ≥45% 
in mob-grazed treatments compared with no change in rotational-grazing and increased 
cover in non-grazed areas. WS pre-graze patch size influenced mob-grazing impact; 
patches >6500 cm3 were browsed or trampled to a greater extent than smaller patches.
Keywords: pasture management, grazing intensity, shrub control, forage grass 
production
1. Introduction
Western snowberry (WS) (Symphoricarpos occidentalis) (also known as ‘buckbrush’) is a peren-
nial, cool-season shrub, native to the Northern Great Plains (NGP) of the United States [1]. It 
can grow up to 1 m tall and spreads by seeds and rhizomes. WS can form dense monoculture 
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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patches ranging from <2 to 200 m in diameter. This woody species can tolerate poor soils, 
harsh temperatures, flooding, and drought [2].
Some patches of WS are desirable as thickets provide nesting habitat for ground-dwelling 
birds, as well as some protection for newborn calves (Charlie Totton, rancher, personal com-
munication, June 2013). Therefore, complete elimination of WS plants in most pastures is not 
the ultimate management goal. But, over time, uncontrolled patches of this less palatable [3], 
woody groundcover can reduce plant species diversity and amounts of desirable forage; alter 
nutrient cycling [4]; and result in economic loss [5, 6].
Options for rangeland perennial weed control vary in implementation and effectiveness and 
require multiple years of maintenance. After WS removal, biomass of grasses and forbs can 
increase dramatically [7], although WS densities can rebound in less than a year if control 
measures cease [8]. Herbicides applied in June resulted in good (64%) to excellent (99%) WS 
control during the growing season, depending on herbicide and application rate [9, 10] with 
control in subsequent years ranging from none to excellent. Even with excellent control, herbi-
cides often are more expensive than short or mid-term returns justify [11]. However, because 
WS occurs in patches, uniform treatment of entire pastures may not be necessary, thus reduc-
ing costs and environmental impacts.
Physical techniques, based on timing, alone or combined with grazing are other options for 
WS management. While a single growing season of mowing did not control WS [10], two 
mowing events over 3 years reduced WS patch size [1], and increased succulent sprout growth, 
making the plant more palatable to livestock. Grazing WS patches in early season (May) or 
left untreated had lower WS densities the following year compared to areas grazed in August 
[12] or burned with late season fire [8]. Prescribed fires from mid- to late-May combined with 
goat (Capra aegagrus hircus) grazing suppressed WS plants, reduced seed production, canopy 
cover, and stem density [13, 14] in the NGP. However, goats are not commonly reared in the 
NGP for a variety of reasons [15].
Cattle grazing for weed control is a natural fit for NGP pastures and rangelands. However, 
weed management using cattle often has limited success. First and foremost, cattle are expen-
sive to raise and replace and, depending on weed species, may result in problems with nutrition 
[16], reproduction, toxicity, or have other negative impacts (e.g. off flavors of meat) [2, 17]. Since 
cattle avoid dung-soiled pasture, selective grazing can occur when stocking rates are low or 
moderate [18, 19]. Thus, only the most palatable plants are grazed, leading to overgrazing desir-
able species, and ultimately changing the plant community [20]. In addition, cattle hooves break 
up sod, leaving areas vulnerable to weed invasion, which is counter-productive to control [5].
Deliberately managing and manipulating cattle stocking rate and density, grazing duration, 
and seasonal timing based on pasture conditions can promote weed management success 
[16]. Livestock can consume and/or trample plants and improve pasture nutrient condition 
and competitiveness of desirable plants through incorporation of manure and urine [5], often 
with fewer adverse effects on non-target species than herbicide applications. Grazing should 
occur when the weed is most palatable, vulnerable to injury, and not toxic to the animal.
Mob grazing (or nonselective grazing) using cattle has been promoted as a system to improve 
soil health and plant conditions [21–23]. This system attempts to mimic animal/vegetation 
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interactions of historic prairie ecosystems, where herds of large herbivores move continuously 
to new areas as forage is depleted [24]. Although not strictly defined, this system uses dense 
groups of animals (e.g. >28,000 kg cattle ha−1) in small paddocks for short time periods (typi-
cally ≤24 hr. per paddock). Positive attributes include high vegetation utilization [25]; limited 
selectivity or avoidance of less desirable and potentially weedy plants [26]; and increased 
trampling of unconsumed forage, manure, and urine [27], which incorporates nutrients and 
organic matter into the soil [28] and may ultimately lead to higher forage productivity [21]. 
Some ranchers have adopted this intense system to reclaim specific pastures, following the 
recommended guidelines to graze for only a few weeks during the season with movement 
every 12–24 hr. Grazing return periods are often 1 year or longer, or these pastures may be 
returned to rotational grazing after recovery.
To date, no studies have compared WS plant response to high cattle stocking intensity (mob 
grazed areas) with low intensity (rotational grazing) or ungrazed treatments. We quantified 
the impact of mob grazing on WS populations and compared the response with two less-
intensive management systems at South Dakota locations. Due to the expense, need for many 
animals, and labor and time involved to move cattle frequently, the studies were done in 
cooperation with ranchers who incorporated mob grazing and rotational grazing techniques 
into their cattle operations. The objective of this study was to quantify the effect of mob-grazed 
cattle compared with rotational grazed cattle or no grazing on WS size and forage utilization.
2. Methods
2.1. Study site description and treatments
Forage utilization and WS (Symphoricarpos occidentalis) data were collected at two South 
Dakota locations, Chamberlain (southcentral SD; 43.8°N, 99.3°W) and Selby (northcentral SD; 
45.3°N, 99.8°W). South Dakota, located in the NGP of the United States, has a continental cli-
mate, i.e. cold winter temperatures with snow, and moderate to warm summer temperatures. 
Most annual precipitation occurs in spring and summer.
At Chamberlain, forage and WS response was quantified in mob-grazed pastures (2013 and 
2014), ungrazed pastures (2013) and an early (May through mid-June) rotational-grazed pas-
ture (2014). In Selby, treatments were performed in mob-grazed (2013 and 2014), rotational-
grazed (2013), and ungrazed pastures (2014). Pasture vegetation and soil types for each site 
are listed in Table 1. Climate, grazing, and sampling information for the two-year period are 
provided in Table 2. Growing degree days (GDD; base 0°C) for the growing season (March 
through September) were near (±5%) the 30-yr average (1980–2010) at each year and site 
(Table 2). Precipitation (January through September) was 8% lower than their respective 
30-yr averages for both sites in 2013, and 4% lower at Chamberlain and 16.5% lower at Selby, 
in 2014. Specific GDD and precipitation amounts for sampling dates are reported in Myer [29].
Local producers determined stocking intensity, grazing dates, and paddock size, with cattle 
moved in mob grazed areas after 24-hr (Table 2). The rotational and ungrazed treatments dif-
fered among years at the locations due to cattle needs and pasture condition. At Chamberlain 
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mob grazed pastures were mob grazed every-other year, so the 2013 mob grazed pasture 
was ungrazed in 2012, and the 2014 mob grazed pasture was ungrazed in 2013. Meanwhile, 
the 2013, ungrazed pasture at Chamberlain was rotationally grazed at a stocking density of 
250 kg ha−1 for approximately 30 days on 300 ha in 2012, and this same pasture was rotation-
ally grazed in 2014. At Selby, both the mob grazed and rotationally grazed pastures were 
managed similarly in previous years as the experimental years, and the 2014 ungrazed pas-
ture was rotationally grazed in 2013.
Chamberlain Selby
Common name Scientific name Common name Scientific name
Western wheatgrass Pascopyrum smithii Western wheatgrass Pascopyrum smithii
Smooth brome Bromus inermis Green needlegrass Nassella viridula
sweet clover Melilotus officinalis Western snowberry Symphoricarpos occidentalis
Western snowberry Symphoricarpos occidentalis smooth brome Bromus inermis
red clover Trifolium pratense Kentucky bluegrass Poa pratensis
Kentucky bluegrass Poa pratensis Scurfpea Psoralidium sp.
dandelion Taraxacum officinale Sweet clover Melilotus officinalis
Common sunflower Helianthus annuus
Musk thistle Carduus nutans
Common ragweed Ambrosia artemisiifolia
Bull thistle Cirsium vulgare
Milkweed Asclepias sp.
Green needlegrass Nassella viridula
Needle and thread Hesperostipa comata
Big bluestem Andropogon gerardii
Porcupine grass Schizachyrium scoparium
Sideoats grama Bouteloua curtipendula
Blue grama Bouteloua gracilis
Soil types
Sansarc-Opal clay Opal-Sansarc clay
McClure silt loam Bearpaw-Gettys complex
Bullcreek clay Highmore-Bearpaw silt 
loam/clay loam
Uly silt loam Gettys clay loam
Table 1. Plant species and soil types at Chamberlain and Selby, SD in 2013 and 2014.
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2.2. Vegetative data collection
Three parallel 50-m transects were set up about 10 m apart (pre-graze measurement) immedi-
ately prior to the first sampling date (Table 2; Figure 1A) with two paddocks of each grazing 
treatment sampled each year (six transects) per site. Average standing forage height was mea-
sured to the nearest cm every 2.5 m along each transect, with GPS points recorded (Garmin 
eTrex 20, Garmin International, Inc., Olathe, KS). Every 5 m along each transect, the closest 
WS plant was identified, tagged with a metal loop near the plant base, and height (highest 
point from soil surface) and two perpendicular widths were measured.
After grazing, or in the fall for the non-summer grazed paddocks, transects were reestab-
lished. Average standing forage height, including WS, at each sampling point was measured 
again and percentage of newly trampled forage (e.g. vegetation remaining that was ≤45° 
from upright position) was estimated in mob-grazed paddocks only. Tagged WS plants were 
measured as in pre-grazing, and post-grazing condition (e.g. intact, trampled, browsed) 
was recorded.
a30 yr average is based on 1980 to 2010 data for the nearest weather stations to the study site (Chamberlain and Hoven, 
SD, respectively.
bRotationally grazed in 2012
cGrazed in May – mid June
dBoth sampling dates occured after rotational grazing
Table 2. Climate, grazing information, and sampling dates for 2013 and 2014 at Chamberlain (Chamb.) and Selby, SD 
locations.
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Forage productivity can be estimated using the grazing stick method:
  Forage productivity =  (average standing forage height − 10 cm) × 79 kg  ha −1  cm −1 . (1)
which is the conversion value for a cool season, mixed species pasture with about 90% cover 
[30]. The 10 cm is subtracted from the height to account for remaining leaf and stubble after 
grazing. In preliminary data sets, Myer compared grazing stick method to clipping forage bio-
mass at >40 sampling points and found these two estimates were within 15% of each other [29]. 
Figure 1. Pasture condition before (A) and after (B) a 24-hr mob grazing event at Chamberlain, SD.
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Therefore, due to time and labor constraints, grazing stick measurements that accounted for 
height and percent cover were used to describe relative forage productivity and grazing impact.
2.3. Data analysis
Forage consumption (efficiency) percentage [31] was estimated by:
Forage consumption = [(pre-graze biomass) – (post-graze biomass + trampled)]/(pre-graze 
biomass) × 100; with biomass estimated using the grazing stick method described above, and 
assuming the difference in standing forage was consumed by the livestock and not by insects, 
wildlife, or rodents [32]. Since there was no trampled forage estimate for rotational-grazed 
paddocks, this was only calculated for the mob-grazed treatment. Additionally, forage utili-
zation (consumed + trampled forage) was estimated at each sampling point and was based 
on change in biomass (estimated using the grazing stick method), including the trampled 
forage. Pre- and post-grazing WS relative plant volume was estimated for each tagged plant 
using the equation:
WS volume = height × width 1 × width 2; with height measured at the highest point on the 
plant from the soil surface, width 1 as the widest horizontal measure of the WS, and width 2 
the width of the WS perpendicular to the width 1 measurement.
Matched paired one-tailed (post-graze<pre-graze) t-tests were used to compare pre- versus 
post-grazing WS plant volume and estimated forage biomass at each point along the tran-
sect at a significance va1lue of P ≤ 0.10. Data were combined when appropriate. Data from 
ungrazed pastures were examined with a one-tailed matched paired analysis test with the 
assumption that spring forage < fall forage.
Binomial analysis of WS plant volume data (yes = less volume post grazing (or in the fall for 
non-summer grazed treatment); no = same or greater volume) using the equation: [33]
  [p ±  t  (0.1)  sqrt  (p  (1 − p)  / n) ] (2)
was used to determine if grazing intensity treatments impacted individual WS plant volume. 
In addition, WS plants were separated into two volume classes (<6500 cm3 and >6500 cm3) 
based on the median WS plant size in grazed pastures and analyzed using two-tailed matched 
paired t-tests to determine if pre-graze volume impacted cattle interaction with plants.
3. Results
3.1. Chamberlain
Estimated forage biomass before mob grazing was 6100 and 2840 kg ha−1 in 2013 and 2014, 
respectively (Table 3). Stocking density was greater and individual paddock size larger in 
2013 (67,200 kg ha−1 on 5 ha) than 2014 (43,680 kg ha−1 on 2 ha). Harvest utilization (con-
sumed + trampled) in mob-grazed areas were similar and >90% each year. Harvest efficiency 
(amount consumed) was also similar and >60% each year.
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The comparison pasture was not grazed in 2013 but had been rotationally grazed in 2012. 
On June 19, forage biomass was estimated at 1190 kg ha−1, whereas on August 8, biomass 
increased to 2690 kg ha−1 (Table 3). Between the first and second sampling there was >200 mm 
of rainfall. In 2014, the comparison pasture was grazed at a stocking rate of 250 kg ha−1 
from May to mid-June, which was prior to the first sampling. Forage biomass on July 9 and 
September 13 was similar (P = 0.1), averaging about 1800 kg ha−1. The apparent lack of growth 
may be explained by dormancy of the dominant cool season species, lack of rainfall (<12 cm) 
between sampling dates, and a grasshopper (Caelifera sp.) infestation that consumed forage 
regrowth.
Response of WS plants to mob grazing was similar in both years, with data combined over 
years. About 95% (±4%) of the measured plants were reduced post-grazing by an average of 
63% (Figure 2A). Forage near WS plants was consumed (about 75% less biomass present), rather 
than trampled, and WS appeared to be browsed (stems and leaves removed). WS plant response 
in the 2013 ungrazed pasture indicated no difference in WS plant volume between the first and 
Table 3. Impact of pasture management on forage at Chamberlain (Chamb.) and Selby, SD experimental sites in 2013 
and 2014.
***Significant at p<0.0001, *significant at p<0.1
aUtilization = forage consumed and trampled, calculated by [(pre-graze) - (post-graze) / (pre-graze) x
bEfficiency = forage consumed, calculated by [(pre-graze) - (post-graze + trampled forage) / (pre-graze)
cRotationally grazed in 2012
dBoth sampling dates occured after rotational grazing
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second sampling (P = 0.43). In 2014, WS plants were reduced in volume by about 19% (from 
8850 to 7050 cm3) between the first and second sampling dates (P = 0.01) even though grazing 
occurred prior to the first sampling. This was due to a large grasshopper infestation in the area.
Figure 2. Percent (±SE) of western snowberry with smaller volume post-graze by grazing system (A), and percent (±SE) 
of western snowberry with small volume post-graze based on initial size (<6500 cm3 and >6500 cm3) by grazing system 
(B). Numbers above bars represent the average volume reduction of western snowberry plants in the respective category.




Forage at Selby averaged about 1940 kg ha−1 each year prior to mob grazing (Table 3). After 
the 24-hr grazing event, forage remaining was 1110 kg ha−1 in 2013 and 240 kg ha−1 in 2014. 
Forage consumption and utilization were estimated at 15 and 42%, respectively, in 2013. In 
2014, efficiency and utilization were estimated at 48 and 88%, respectively. The three-fold 
increase in forage consumption (efficiency) in 2014 compared to 2013 may have been due 
to timing of the grazing. Forage was likely more mature and less palatable for cattle in late 
September (2013) compared to late July (2014). The increase in both consumption and utiliza-
tion may have also been due to the slightly higher stocking density in 2014 compared to 2013 
(Table 2). In the 2013 rotation-grazed pasture, the forage biomass averaged 2690 kg ha−1 pre-
graze and about 790 kg ha−1 post-graze, with an estimated 70% consumption and utilization, 
as very little newly trampled biomass was present. In 2014, the ungrazed comparison pasture 
had about 470 and 2920 kg ha−1 at the first and second sampling, respectively.
Volume data from WS plants were combined for the 2013 and 2014 mob grazing treatment, 
with 66% (±8%) of the tagged plants decreasing in volume by 46% after grazing. In the rota-
tional-grazed area, pre- and post-sampling volumes were similar and averaged 15,000 cm3. 
However, 43% of these sampled plants had a 45% reduction in volume, but the remaining 
plants increased in volume by about 90%. Basal stem counts (data not shown) indicated that 
WS plants in mob-grazed areas had fewer stems (P = 0.001) after grazing, whereas no differ-
ence in stem number was observed in rotational-grazed plots. In the 2014 ungrazed pasture, 
74% of the tagged plants increased in volume by an average of 5000 cm3, a 3000% increase from 
the first to the second sampling.
3.3. Initial WS plant volume and grazing impact
Initial WS plant volume impacted final volume after mob grazing. Mob grazing data, com-
bined by location, indicated that the median plant size was about 6500 cm3. When initial plant 
volume < 6500 cm3, 73% (±7%) of these plants had a 42% reduction in volume. However, about 
87% (±5%) of the larger plants were reduced in volume by about 62%.
In the early spring rotationally-grazed paddock at Chamberlain (2014), initial volume did not 
impact final size (P = 0.46). About 66% of all plants increased in size an average of 168% (±81%). 
In the late-season rotation treatment at Selby in 2013, about 50% (±13%) of the small plants 
were reduced in volume by about 52% (Figure 2B), with the remaining plants increasing in 
volume an average of 150%. About 44% of the large plants were reduced in volume by about 
38%, with the remaining plants increasing an average of 37%. While the plant size reduction in 
the less intensively grazed rotational treatment was similar between the large and small plant 
classes (P = 0.46), the increase in size of the small plants was greater than the size increase of 
the large plants (P = 0.02). This may be due to smaller plants being trampled and stems spread 
apart thereby increasing the final volume (i.e. plants lost vertical height but both horizontal 
lengths increased), whereas larger plants may have been more difficult to trample.
These data indicate that WS plants were more impacted by mob grazing compared with 
plants in paddocks rotationally-grazed early or later in the season. Larger plants in mob-
grazed areas tended to be more damaged than smaller plants.
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4. Discussion
Cattle in NGP mob-grazed settings were more competitive for available forage, and were less 
selective in consumption, eating vegetation that would normally be avoided in a less intense 
grazing. The high stocking densities also resulted in more trampling and greater animal 
impact (e.g. dung deposition, data not shown) per unit area [29]. Other studies have reported 
similar results in other intensive-grazing systems although terminology [e.g. ultra-high stock-
ing density [23]; intensive stocking [34]; cell-grazing [35]; high intensity, low frequency grazing 
[36], stocking rates, grazing duration, and seasonal timing often differ. High stocking densities 
have been shown to maintain animal performance if carefully managed [36]. Lush regrowth 
during the rest period following an intense grazing event increased forage crude protein (from 
8.9 to 10.2%) and digestibility (from 44.6 to 54.7%) compared with more mature forage in less-
intensively grazed areas [36]. Timing of grazing events, both within and among seasons on the 
same parcels, must be carefully controlled as repeated grazing when grass is at a vulnerable 
growth stage can result in rangeland degradation [37, 38].
Other studies have reported that cattle graze less palatable, weedy species when grazing inten-
sity is high. For example, cattle have browsed prickly pear (Opuntia macrorhiza) [39], absinth 
wormwood [29], and thistles [40], species that are typically avoided in low-intensity grazing. 
The least desirable species at Australian sites, purple wiregrass (Aristida ramose) and gray tus-
sock-grass (Poa sieberiana), decreased 45% in basal diameter in a cell-grazing treatment with a 
stocking rate of about 35,000 kg ha−1 and moved every 1–3 days compared with <5% decreases 
observed in continuously grazed sites [35]. These results suggest that during mob-grazing 
events, animals will browse less desirable species. In addition, mob-grazing, or similar high 
stocking-density, low frequency grazing management, has been suggested to maximize forage 
use [21], aid in maintaining a balance of desirable and undesirable vegetation [41] and may 
enhance nutrient cycling in the paddock with minimal to no risk to animal gains if properly 
managed [42, 43]. However, mob-grazing should be strictly managed with recovery periods for 
forage regrowth to ensure adequate feed. Returns to management can be low for mob-grazing 
[45] if high stocking densities for long periods reduce average daily gain per animal [46] and 
may degrade range resources and resilience.
Size of WS plants influenced the efficacy of mob-grazing for weed management. In contrast 
to absinth wormwood (Artemisia absinthium) (AW) where small patches and plants were most 
affected by mob-grazing [44], larger WS plants were most impacted. Larger WS plants may 
have leaves closer to the cattle’s face, which may facilitate browsing strictly due to conve-
nience, even though the stems are woody. Smaller AW plants, which have herbaceous rather 
than stiff woody stems, may be more easily trampled and/or consumed.
5. Conclusions
Mob-grazing with cattle reduced forage selectivity and utilized undesirable plants compared 
to low stocking density rotational grazing. Long-term benefits of mob-grazing, while difficult 
to quantify in short-term studies, can be positive and numerous SD ranchers have adopted 
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this technique to their advantage. In this study, we realize that stricter control of variables 
such as stocking density, timing, and pasture size, may have resulted in more repeatable and 
statistically significant results. However, this research was conducted on working ranches 
and represents actual producer management decisions based on forage pasture conditions, 
annual climate, and cattle needs. Therefore, the results may be more applicable to NGP ranch-
ers. Ranchers who are interested in using mob grazing should start small to determine how 
best to employ this system in their operation. Future research that combines mob-grazing at 
the most vulnerable stages of weed species growth with other management practices (e.g. 
herbicide application or pasture fertilization) should be considered. We conclude that mob-
grazing can decrease forage selectivity and be a useful tool in for integrated weed manage-
ment of WS, especially for plants larger than 6500 cm3 in the NGP.
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